Acute dissection of the thoracic aorta (AAD) is a potentially catastrophic disease, with significant morbidity and mortality, which remain unchanged over the last decade. Survival rate has been shown to be directly related to prompt diagnosis and precise management; however diagnosis of the disease remains time-consuming, not readily available, and lacking in sensitivity and specificity. The current approach when diagnosing AAD relies heavily on various imaging techniques, including chest radiograph, echocardiography, computed tomography and magnetic resonance imaging scans. Nevertheless, the door remains open for the incorporation of biochemical tests to aid in detecting AAD. This article will review the imaging modalities currently employed in the management of AAD, as well as a discussion of the potential role of several biomarkers in AAD. To date, imaging is the diagnostic tool for AAD however, technical and logistical limitations limit the use of imaging in various circumstances. Current available biomarkers such as D-dimer and C-reactive protein are under-utilized in many cases, mainly due to their non-specificity in diagnosing AAD. Over the last decade, many biomarkers have been proposed for use in AAD, with several showing promising results -including: smooth muscle myosin heavy chain, calponin, soluble elastin fragments and transforming growth factor β. Extensive research is being undertaken to define the roles of these novel biomarkers in the management of AAD.
Introduction
Acute dissection of the thoracic aorta (AAD) is a potentially catastrophic cardiovascular disease. Despite advances in medical, surgical and endovascular management of AAD, the morbidity and mortality remain significant, with recent studies reporting early mortality rates of 18-25%, which have remained unchanged over the last decade. 1, 2 Survival rate has been shown to be heavily dependent on undelayed diagnosis and prompt management, potentially allowing a 30-day survival rate of more than 90%. 3 However, current diagnostic algorithms, which usually involve having a degree of clinical suspicion from the presenting symptoms and clinical findings, and subsequently employing various imaging techniques such as chest radiograph, echocardiography, computed tomography (CT) and magnetic resonance imaging (MRI), are often time-consuming, not readily available at bedside or emergency room, and lack sensitivity and specificity. 3 -5 Thus the door is open for an approach to management of AAD that allows a more rapid and accurate diagnosis. Research has been made into identifying suitable biomarkers to allow their incorporation into the management algorithm of AAD. This article will review the imaging modalities currently employed in the management of AAD, as well as a discussion of the potential role of several biomarkers in AAD.
Methods
The main source of materials evaluated in this review article was electronic journal articles. A vast review of the literature was initially undertaken, where we performed a Medline search using the following keywords: 'acute aortic dissection', 'biomarkers', 'imaging'. Relevant articles were selected based on appropriateness of their contents related to the topic, publication date and, where able, journal reputability.
Pathogenesis
Aside from traumatic causes, the main pathological process of AAD involves degeneration of the tunica media layer of the aortic wall, leading to diminished compliance and subsequent increased rigidity, eventually placing the aorta at a significant risk of shear stress when there is a sudden surge in pressure. The most common histological finding in the aorta of patients with acute dissection is cystic medial necrosis. Chronic aneurysm and dissection of the aorta is also closely related to a number of connective tissue diseases, including Marfan syndrome (MS) and the less common Loey-Dietz syndrome. The pathophysiology underlying the formation of aortic aneurysm, and subsequent aortic rupture, in these conditions is known to involve an over-abundance of transforming growth factor β (TGF-β), which has lead to recent research involving TGF-β1 as a potential biomarker and also a therapeutic target in both MS and non-MS patients with AD. 6, 7 These will be discussed in subsequent sections.
Imaging

Chest radiograph
The initial imaging performed is usually a chest radiograph. Previous studies have reported that widening of the mediastinum and the aortic knuckle on chest X-rays are associated with 39-90% of dissections. 8 However, additional images were obtained in up to 98% of patients in the International Registry of Acute Aortic Dissection (IRAD) study due to the limited sensitivity of the chest radiograph, especially in type B dissections. 1, 9, 10 Echocardiography Transthoracic echocardiography (TTE) has limited diagnostic utility in AAD due to its inability to adequately visualize the distal ascending, transverse and descending aorta, such that although approximately 50% of type A dissections can be identified by TTE, it carries a high falsenegative rate. Its use is mainly confined as a screening investigation providing information on ventricular and valvular functions, and presence of pericardial effusion. Transoesophageal echocardiography has become the investigation of choice because of its improved sensitivity, ability to detect tear sites and blood flow in the false lumen, and portability for use in the Emergency Department. Biplane and multiplane TEE may allow visualizations of portions of the aorta previously limiting TTE, in addition to its high sensitivity and specificity. 11 However, its use may be limited by the need for sedation and oesophageal intubation, along with operator expertise and experience to ascertain accurate results. Thus, an alternative rapid diagnostic test is necessary.
Computed tomography
A standard CT study with contrast, with the addition of the improved multislice technology, allows for a highly sensitive and specific imaging option, 12 and can provide a definitive diagnosis of dissection. It accurately demonstrates the extent of periaortic haematoma, and is effective in identifying a dilated aorta, true and false lumens and an intimal flap. Its widespread round-the-clock availability has resulted in most patients having this investigation done before referral to a cardiothoracic centre. 13 However, the disadvantages of CT imaging include its inability to diagnose aortic regurgitation and adequately assess the relationship of the dissection to major aortic branches. In addition, other potential limitations to CT imaging include: the need for potentially nephrotoxic contrast and the importance of having an experienced radiologist to ensure appropriate electrocardiogram gating and image interpretation.
Magnetic resonance imaging
MRI has a high sensitivity and specificity in diagnosing AAD, with the ability to diagnose aortic regurgitation.
14 It is a valuable tool for long-term follow-up of patients, useful in accurately assessing changes over time in the size and contour of the dissected aorta. However, its use in the acute settings is limited by the absolute contraindication of ferro-magnetic object presence and a prolonged study duration, both of which are rarely avoidable or practical in the management of unstable patients.
Biomarkers
The potential for biomarkers to be incorporated in the diagnosis algorithm of AAD has been extensively researched, especially given the need for a convenient, reliable and accurate test to aid in rapid diagnosis of AAD.
D-Dimer
D-Dimer (DD) is currently the most widely available and reliable biomarker used in AAD. 15 DD is a degradation product of fibrin cross-linking. In the setting of AAD, aortic injury results in release of tissue factor into the circulation, with subsequent activation of the extrinsic pathway of the coagulation cascade leading to fibrin formation. Fibrinolytic pathway is then activated, resulting in degradation of cross-linked fibrin. The IRAD substudy on biomarkers (IRAD-Bio) 16 found that, at a cut-off value of 500 ng/mL within 24 h of symptom onset, DD has a sensitivity and specificity of 96.6% and 46.6% versus controls, along with a negative predictive value of 95%. Of particular note, the 'controls' used in the IRAD-Bio study were patients with suspicion of AD. Its poor specificity may be due to its elevated levels in other conditions such as: pulmonary embolism (PE), deep vein thrombosis, trauma, recent surgery and so on. The IRAD-Bio study showed a significantly elevated (5-to 10-fold greater) DD levels in AD patients compared with other diagnoses, including PE, in the first six hours; however, this finding may be considered anecdotal given the small number of PE patients (n = 2). As yet, DD levels cannot differentiate between AD and PE; however, a highly elevated level of DD may prompt an urgent contrast-enhanced CT, allowing confirmation or exclusion of both AD and PE. 17 Studies have also shown correlation between lower levels of DD and thrombosis of false lumen. 16, 18 This is important because of the potential adverse outcome of a dissection with partially thrombosed, compared with a patent, false lumen. 19 In addition to its high sensitivity, the measurement of DD technically requires only 10 min with a rapid enzymelinked immunosorbent assay; DD may thus be a useful rule-out tool and, at higher levels in patients presenting within six hours of symptoms onset, may be used to rule in AD. However, the latter needs to be further substantiated with larger studies involving appropriate control subjects.
Smooth muscle myosin heavy chain
Smooth muscle myosin heavy chain (sm-MHC) is a major component of smooth muscle, which is released into circulation upon damage of smooth muscle cells, as in the case in aortic dissection where the damage occurs to the aortic medial smooth muscle. It is also present in uterine and intestinal smooth muscle, and thus may be elevated in conditions involving these systems. 20 Suzuki et al. has developed a rapid 30-min assay for sm-MHC which is, as yet, unavailable for clinical use. Preliminary clinical testing has demonstrated sensitivity and specificity of 90% and 97% respectively, with a diagnostic accuracy of 96%, at a cut-off value of 2.5 μg/L, if performed within the first three hours of symptom onset. 21 These values significantly decline with time, with sensitivities of 72.4% and 30.3% at six and nine hours respectively, potentially limiting its use only on patients with early presentation. This assay may be a useful tool for differentiating between AAD and acute myocardial infarction (AMI), with the former displaying significantly higher levels of circulating sm-MHC, with a specificity of 83%. 21 In addition, levels of sm-MHC exceeding 10 μg/L showed 100% specificity for AD. Furthermore, differing values of this assay may allow differentiation between proximal and distal aortic lesion. Patients with DeBakey I or II lesions were more likely to show assay levels exceeding the clinical limit of 2.5 μg/L, compared with DeBakey III lesions, possibly reflecting the lower smooth muscle content of the abdominal aorta, compared with thoracic aorta. Thus, given its relatively fast testing time, high sensitivity and specificity, and known time-course of release, the sm-MHC assay is a promising tool to aid in the rapid diagnosis of AAD, especially in the early phase of presentation.
Calponin
Calponin is essentially a 'cardiac troponin' counterpart to vascular smooth and non-muscle cells. 22 It is a type of calcium-binding protein responsible for the regulation of the calciumcalmodulin-dependent phosphorylation of myosin. 23 There are three isoforms of calponin: acidic, basic (also known as 'h1') and neutral ('h2'). Basic calponin is the most abundant and specific to smooth muscle, compared with its two other counterparts. A recent multicentre international study has developed assays for all three isoforms of calponin and assessed its diagnostic value as a biomarker in acute AD. 22 The study found a profound lack of correlation between neutral calponin and aortic dissection, and the assay was not subsequently pursued. Acidic calponin displayed a higher than two-fold increase in levels for all dissection types, more so for type A (4.70 ng/mL, n = 12; normal reference: 2.04 ng/mL) patients, compared with type B (2.84 ng/mL), presenting within six hours of symptom onset. This pattern was maintained for type A (5.08 ng/mL) patients for the next 6 -12 h time range; however, it was not the case with type B (2.43 ng/mL) patients, whose levels were no longer significantly elevated in that time range. Basic calponin levels were increased three folds (377.56 ng/mL, n = 16; normal reference: 123.31 ng/mL) for all dissections presenting within six hours of symptom onset, similar for both type A and B dissections. This pattern was maintained in the 6-12 h window for type A (348.79 ng/mL, n = 16) patients but not for type B (171.96 ng/mL, n = 2). Compared with acidic calponin, the marked increase in basic calponin levels was expected, given it is the most specific and abundant isoform in smooth muscle. For both acidic and basic calponin assays, none of the patients without AD show elevations at any time points. Notably, all patients enrolled in the study were under clinical suspicion of AAD aortic dissection, thus imitating real-world situations to a reasonable degree. Importantly, this study demonstrated the diagnostic value of calponin (basic isoform, especially) in detecting aortic dissection with delayed presentation (up to 12 h postsymptom onset), which is one of the shortcomings of the previously mentioned biomarker sm-MHC, whose accuracy was limited to patients presenting early (within 6h of onset).
C-reactive protein
The acute phase reactant C-reactive protein (CRP) is a sensitive and non-specific marker of inflammation produced in the liver in response to stimulation by various cytokines. It has been previously studied as a prognostic biomarker in AAD, with research suggesting CRP levels above 6.3 mg/dL associated with significantly increased short-term mortality rate. 24 Elevated plasma concentration of CRP has also been implicated with complications of AAD such as impaired oxygenation, pleural effusion, and increased risk of in-hospital death. 17, 25, 26 Despite its potential utility to measure prognosis, the use of CRP in settings of AAD have been hampered by its temporal release profile, where patients with early presentation rarely displayed elevation, compared with late presenters. 24 CRP levels have also been shown to be elevated in chronic aneurysm and aneurysm formation, 27 which may preclude its use in patients with those pre-existing conditions presenting with acute dissection.
Soluble elastin fragments
Elastin is a major component of the aortic wall, arranged in a framework of laminae interconnected with interlaminar fibres. In AD, external insult on the endothelium of the aorta and subsequent damage to the medial layer disrupts this arrangement, triggering inflammation and activation of proteolytic enzymes, ultimately resulting in the release of soluble elastin fragments (sELAF) into the circulation. 28 Shinohara et al.
28
found that AD patients, with a patent or partially patent false lumen, who presented within 48 hours of symptom onset, displayed elevated levels of serum sELAF. Increasing levels of serum sELAF were also associated with advancing age in healthy controls. With a cut-off point set at +3 SD above the mean for each age group in the control subjects, 64% of AD patients displayed positivity to the assay, with a specificity of 99.8%. In addition, the positive and negative predictive values were 94.1% and 98.1% respectively. The study also suggested the potential for sELAF in differentiating between AAD and AMI, with the former being associated with significantly higher levels (114.7± 56.9 versus 56.1± 14.9 ng/mL). However, the sELAF assay did not show any positivity for AD patients with a thrombosed false lumen and, with the addition of a three-hour-long measurement time, thus its role in the rapid diagnosis of AD may be questionable, at least until new methods are developed to shorten its assay processing time.
Transforming growth factor β TGF-β is a signalling molecule bound to an extracellular matrix protein fibrillin-1. 29 Studies conducted in rodent models have shown that instances where deficiency of fibrillin-1 exists in the extracellular matrix, for example in patients with MS, lead to an over-signalling of TGF-β, resulting in vascular-related sequelae, such as aortic re-modelling. 30 Recent studies have discovered that angiontensin II-receptor blockers, such as Losartan, reduce the aberrant signalling of TGF-β in patients with MS, resulting in significantly reduced rate of aortic dilation. 6, 29 Subsequently, a small preliminary study involving non-MS patients presenting with AAD have also shown significant elevation in TGF-β levels, compared with normal controls, with type A patients (28.5 ± 14.7 ng/mL, n = 20) displaying two-fold elevations compared with Type B patients (14.4 ± 6.1 ng/mL, n = 8). 7 These findings suggest the potential of TGF-β as a biomarker in the settings of AAD in non-MS adult patients.
Conclusion
The potentially catastrophic nature of acute aortic dissection calls for a rapid and accurate diagnostic approach. The rapid progress in development of biomarkers in the last decade, for sole or combined use with imaging techniques, may soon allow them to be incorporated into the diagnostic algorithm and therefore offer clinicians an additional effective tool as an approach to patients with suspected acute aortic dissection.
